Introduction: Orlistat is the only FDA approved drug for long term management of obesity. It reduces the absorption of dietary fat by inhibiting lipase enzyme. Many cases of pancreatitis were clinically reported in people who used orlistat. Aim of The work:The aim of the present study is to shed a light on the possible deleterious effect of orlistat on the normal pancreatic tissue, and the molecular mechanisms beyond these changes. Materials & Methods: Thirty six female albino rats were divided into 4 groups: Control Group I (a) without treatment &I (b) received only1 ml fish oil. Group II received 30 mg/kg/day of orlistat dissolved in 1ml of fish oil orally for 8 weeks. Group III, received 40 mg/kg/day of orlistat .Group IV (a) & (b) withdrawal groups. Pancreas was dissected out and processed for histological and immunohistochemical study for CASPASE, TNF, INOS and INSULIN. Results: Orlistat caused variable degrees of pancreatic tissue degeneration, dilatation of pancreatic ducts with retained secretion, fatty degeneration and congestion. Inflammatory cells infiltration observed in both pancreatic acini and islets of Langerhan,s only with high dose (40mg/kg). Positive immunoreactivity for activated caspase 3 and iNOS being more evident in high dose and decrease in immunoreactivity for anti-insulin antibody. immunoreactivity for TNF-α had been shown in high dose. These effects disappear after low dose withdrawal only. Conclusion: Orlistat may induce inflammation, fatty degeneration and impaired insulin production in the pancreas. These effects are dose dependent, and it should be taken in consideration while prescribing orlistat as a treatment for obesity.
INTRODUCTION
Obesity is a leading preventable cause of death worldwide, with increasing rates in adults and children. Authorities consider it as one of the most serious public health problems of the 21 st century [1] . Although recently published guidelines recommend lifestyle modification as the initial treatment for obesity, still weight loss achieved with lifestyle intervention is modest [2] .
Orlistat is an anti-obesity drug that reduces the absorption of dietary fat by inhibiting lipase enzyme and is currently approved for both prescription (Xenical, Roche) and over the counter sale (Alli, GlaxoSmithKline) in the United States and Europe. Long term treatment with orlistat has been shown to significantly reduce weight and waist circumference [3] . The use of Orlistat is compromised by unpleasant gastrointestinal adverse reactions like oily stools, oily spotting and flatulence [4] .
Acute pancreatitis is a common inflammatory process with great variability in severity. Whereas it runs a selflimiting course in most patients, in others it can take a severe form characterized by extensive necrosis leading to high mortality rates about 25% [5] .
In acute pancreatitis, both exocrine and endocrine pancreatic functions are affected, depending on the extent of morphologic damage. In interstitial edematous pancreatitis, there is complete recovery of function of the gland (within 4-/12 weeks), whereas after necrotizing pancreatitis, about half the patients are left with some element of pancreatic insufficiency of varying degree of both exocrine and endocrine functions [6] .
It has been reported that there has been an association between the use of orlistat and development of pancreatitis in some cases clinically with no evidence of biliary disease or alcohol consumption [7] .
AIM OF THE WORK:
The aim of this work is to study the histological changes that may occur in the pancreas of adult female albino rats after treatment with different doses of orlistat and try to find out the underlying mechanisms of such changes.
MATERIAL AND METHODS:

Animals used:
This study was conducted in the Histology Department of Faculty of Medicine of El-Minia University. The study was dealing with the pancreatic tissues of adult female albino rats. In this study (thirty six) female Sprague Dawley albino rats at the age 6-8 weeks weighting 150 -200 grams, specific pathogens free were used. Animals were housed in a clean plastic cage in an air conditioned room. The experiment was approved by the ethical committee for animal handling for research work in Minia University, Minia, Egypt
Reagents:
Orlistat (Xenical) 120 mg tablets were obtained from Hoffmann-La Roche. The tablets were ground and then the different doses 30 and 40 mg/kg /day were calculated according to the interspecies dosage conversion scheme by Paget and Branes [8] . Each dose was freshly dissolved in 1ml of fish oil before the oral intake.
Experimental design
Animals were randomly divided into four groups as following:
Group I (the control group):
The control group included 6 rats that were subdivided into two equal subgroups:
Group Ia: rats were kept without treatment throughout the whole period of 8 weeks Group Ib: rats received 1ml of fish oil orally by a gastric tube once daily for 8 weeks.
Group II (30 mg/kg orlistat treated group): This group included 6 rats each one received 30 mg/kg/day of orlistat dissolved in 1ml of fish oil by a gastric tube once daily for 8 weeks.
Group III (40 mg/kg orlistat treated group): This group included 6 rats each one received 40 mg/kg/day of orlistat dissolved in 1ml of fish oil once daily by a gastric tube for 8 weeks.
Group IV (the withdrawal group):
This group included 12 rats were subdivided into two equal subgroups:
Group IV (a): This group included 6 rats each one received 30 mg/kg/day of orlistat dissolved in 1ml of fish oil by a gastric tube once daily for 8 weeks, followed by 8 weeks without orlistat treatment kept only on normal diet.
Group IV (b): This group included 6 rats each one received 40 mg/kg/day of orlistat dissolved in 1ml of fish oil once daily by a gastric tube for 8 weeks, followed by 8 weeks without orlistat treatment and kept only on normal diet.
Rats from group I, II, and III were sacrificed after 8 weeks, while those from group IV were sacrificed after 16 weeks. All animals of all groups were sacrificed by decapitation under light halothane anesthesia. Pancreatic tissue samples were obtained for tissue preparation. The specimens were rapidly fixed in 10% formal saline for 48 hours, washed by tap water and processed to prepare tissue sections for morphological studies.
For light microscopy:
The sections (5 μm thick) were stained with haematoxylin and eosin (H&E) [9] .
For immunohistochemical study:
Immunocytochemical staining was performed using polyclonal rabbit antibodies for:-1-Tumor necrosis factor-α (TNF-α) which is the prototypic member of a cytokine family that regulates essential biologic functions (e.g., cell differentiation, proliferation, survival and apoptosis) and a broad spectrum of responses to stress and injury (abcam ab6671 ).
2-Caspase 3 the key effector caspase involved in most apoptotic pathways (Thermo scientific RB1197 ).
3-Inducible nitric oxide synthetase enzyme (iNOS) NO is produced by the activity of NOS enzyme, which is involved in regulation of the rate of perfusion of the pancreatic microvasculature (Thermo scientific PA5-16855).
4-Insulin it is a monoclonal mouse antibody (anti insulin antibody) which were obtained from sigma Aldrich. Immunohistochemistry was performed on formalinfixed, paraffin-embedded tissue (Sigma Aldrich , EGYPT 12018).
Prior to immunolabelling, sections were deparaffinised, hydrated then washed in 0.1M phosphate buffer saline (PBS). Endogenous peroxidases were quenched by treatment with H2O2 in methanol (Peroxidase blocking solution) followed by washing in tris buffer saline (TBS). Non-specific binding of IgG was blocked using normal goat serum, diluted 1:50 in 0.1% bovine serum albumin with TBS for 30 minutes.
The sections were incubated with the diluted primary antibodies (1:500) for cleaved caspase 3 for 30 minutes and TNF-α for 1hour, and anti insulin (1:1,000) for 30 minutes and iNOS(ready to use) for 1 hour at room temperature. Sections then were washed 3 times each for 5 minutes in buffer and incubated for further 30 minutes with biotinylated goat anti-rabbit secondary antibodies diluted 1:1000, followed by washing. Following further 30 minutes incubation with Vectastain ABC kits (Avidin, Biotinylated horse radish peroxidase Complex) and washing for 10 minutes. The substrate, diaminobenzidine tetra hydrochloride (DAB) in distilled water was added for 5-10 min.
The reaction was visualized using;Ultravsion one detection System, HRP Polymer and (diaminiobenzide) DAB Plus Chromogen (Thermo Fisher Scientific, USA). The slides were lightly counterstained by hematoxylin to gain a good morphological identification of cells, and dehydrated by passing through ascending concentrations of alcohol then cleared by xylene. Cover slip using permanent mounting media is put at last [10] .
Photography:
Slides were photographed using high-resolution color digital camera mounted on a BX51 microscope (Olympus, Japan) and connected to a computer programmed with LC micro application software in the light microscopic unit of Histology Department, Faculty of Medicine, Minia University. Images were saved as jpg and processed using adobe photoshop 7 to standardize brightness contrast and background color then printed.
*Morphometric analysis for the number of antiinsulin positive Beta cells:
Number of cells showing immuno-positive reaction for anti-insulin antibody was counted in x40 fields from three different slides of each animal, this was done for all experimental groups.
The morphomertrical studies were made using Leica Qwin 500 Image Analyzer computer system (Leica Microsystem Imaging Solution Ltd., Cambridge, UK) Faculty of Dentistry, Cairo University.
Statistical analysis was performed using the SPSS statistics version 19. Differences in the mean of continuous variables were analyzed using parametric test (ANOVA) and Post hoc test [11] . The values P≤0.05 were regarded statistically significant.
RESULTS
Histological study of pancreas using hematoxylinn and eosin:
The pancreatic sections of the control group (Groups Ia and Ib) exhibited normal lobular architecture with abundant islets of Langerhan,s interspersed among the pancreatic exocrine acini. The islets appeared lightly stained than the surrounding acinar cells (Fig.1) .
The pancreatic acini were closely packed and separated from each other by very little connective tissue. Each acinar cell had basal basophilia and apical acidophilia. The nuclei appeared rounded and towards the base. Interlobular ducts were found between lobules, within the intact connective tissue septa. They vary considerably in size. The smaller forms have a cuboidal epithelium (Fig.2) .
Each islet consisted of lightly stained polygonal cells arranged in cords separated by a network of blood capillaries (Fig.3) .
In group II (30 mg/kg Orlistat treated group) there were focal areas that showed appearance of vacuoles in the cytoplasm of the acinar cells ( Fig.4a & 4b) .
The inter-lobular pancreatic ducts showed dilatation, retained secretion and their lining epithelial cells were flattened ( Fig.5a & 5b).
In group III (40mg/kg orlistat treated group) There were marked changes in the acinar cells in some areas. It was found that parts of pancreatic lobules were completely replaced by vacuolated cells and infiltrated by inflammatory cells. The vacuolated cells had the histological features of adipocytes. Pycknotic cells were also found ( Fig.6a & 6b) .
Dilated inter-lobular pancreatic ducts with retained secretion were detected, there was discontinuation of the lining epithelium and the epithelial cells were mostly with flat nuclei while others possessed rounded ones. Some intra lobular ducts had retained secretion and were surrounded by inflammatory infiltrate (Figs 7&8). Some islets of Langerhan,s showed inflammatory cell infiltration and congested blood capillaries ( Fig.9) Immunohistochemical results: *Immunohistochemical study of the rat pancreatic tissues using activated (cleaved) Caspase 3: No detectable immunolabeling for activated caspase-3 in the pancreatic sections of the control group (Fig.10 ).
In group II (30 mg/kg Orlistat treated group), there was positive reaction for active caspase 3 in the rat pancreas. The acinar cells showed cytoplasmic expression of active caspase 3 (Fig. 11 ).
Group III (40mg/kg treated group) showed obvious immunoreactivity for activated caspase 3 in the acinar cells. The expression in the acini showed a pattern of heterogeneity; some of the acinar cells had shown both cytoplasmic and nuclear expression while others showed only cytoplasmic expression (Fig.12 ).
*Immunohistochemical study of the rat pancreatic tissues using TNF-α: There was Negative immunoreactivity for TNF-α in pancreatic sections of the control group (Fig. 13) .
In group II (30 mg/kg Orlistat treated group): no immunoreactivity for TNF-α was detected in the Pancreatic sections (Fig.14) .
In group III (40mg/kg treated group), Some acinar cells showed positive immunoreactivity for TNF-α (Fig.15) . Some cells within connective tissue septa showed expression for TNF-α which were most probably macrophages (Fig.16 ).
*Immunohistochemical study of the rat pancreatic tissues using iNOS: Sections of the control group displayed negative iNOS immunoreactivity in the pancreatic tissue. (Fig. 17) .
In group II (30 mg/kg Orlistat treated group): there were faint expression of iNOS in the pancreatic tissue. Sections of this group displayed positive immunoreactivity in the cytoplasm of some of the acinar cells. iNOS expression was also found in endothelial cells of the blood capillaries (Fig.18) . Some peripheral cells in the islets of Langerhan, s showed faint positive expression for iNOS (Fig. 19 ).
In group III (40mg/kg treated group) displayed faint expression of iNOS in the cytoplasm of most of the acinar cells, with some nuclear expression. The cytoplasm of some of the islet cells also showed iNOS positive expression (Figs 20 & 21) .
*Immunohistochemical study of the rat pancreatic tissues using anti-insulin antibody: β-cells of the control group showed strong positive reaction for anti-insulin antibody as brown granules occupying the cytoplasm of most of the β -cells (Fig. 22) .
In group II (30 mg/kg Orlistat treated group), the immunoreactivity for anti-insulin antibody was markedly decreased (Fig.23) .
In group III (40mg/kg treated group), most of β-cells had shown no " immunoreactivity for anti-insulin antibody (Fig. 24) .
Withdrawal groups results:-Hematoxyline and eosine results:-
In the withdrawal group (IV a)
The pancreatic tissue of the rats kept on 30mg/kg orlistat for 8 weeks followed by 8 weeks without treatment showed complete recovery with normal histological picture of acini, ducts and islets (Fig 25) .
Group (IV b) kept on 40mg/kg daily oral dose of orlistat followed by 8weeks without treatment; the exocrine pancreas showed vacuolation of the cytoplasm of some acini, dilated interlobular ducts with retained secretion (Fig 26 A) , the connective tissue septa showed inflammatory cell infiltration which also invaded the islets of Langerhan,s (Fig.26 B) .
Immunohistochemical results:-
Withdrawal group IV a (30mg/kg orlistat for 8weeks followed by 8 weeks without treatment) the pancreatic tissue of this group showed negative expression for caspase-3 ( Fig.27) , and nearly negative expression for iNOS ( Fig. 28) , while anti-insulin antibody showed strong positive immuno-reaction in nearly all β-cells (Fig. 29) .
Withdrawal group IV b (40mg/kg orlistat for 8 weeks followed by 8 weeks without treatment) showed weak cytoplasmic expression of caspase-3 ( Fig. 30) , positive cytoplasmic expression for iNOS in few peripheral cells of Islets of Langerhan,s iNOS (Fig.31) anti-insulin antibody showed nearly normal expression in all β-cells (Fig. 32 ).
*Morphometric analysis for the number of antiinsulin positive Beta cells:
Statistical analysis was performed using the SPSS statistics version 19. Differences in the mean of continuous variables were analyzed using parametric test (ANOVA) and Post hoc test. The values P≤0.05 were regarded statistically significant.
There was a significant decrease in the number of insulin producing cells in group (II) 30mg orlistat treated group and group III (40mg orlistat treated group) versus control group.
There was no significant difference in the number of insulin producing cells between 30mg orlistat treated group and 40mg orlistat treated group (Table1).
Table1:
showing the significant decrease in the number of insulin producing cells after orlistat treatment. (Hx&E x100). 
DISCUSSION
Obesity is a significant health problem that is growing in prevalence [12] . Orlistat (Xenical; Roche, Basel, Switzerland), an inhibitor of pancreatic lipases that limits the intestinal absorption of dietary fat, has proven effective in augmenting weight loss [13] . Currently, orlistat is the only FDA (Food and Drug Administration) approved drug for long term management of obesity [14] . It has been reported that there has been an association between the use of orlistat and development of pancreatitis in some cases clinically with no evidence of biliary disease or alcohol consumption [15] . This study is concerned with the description of structural changes in rat pancreas following orlistat administration and whether these effects are dose dependent or not. Attempting to clarify the possible mechanisms beyond these changes histological, and immunohistochemical techniques are used.
In the current study, different structural changes were detected in the pancreatic tissue by light microscope in rats receiving 30 or 40 mg/kg of orlistat. In H&E stained sections revealed that there were areas of vaculated acinar cells without inflammatory cellular infiltration in the pancreatic tissue of animals treated with 30mg/kg orlistat. The pancreas of orlistat treated rats showed focal lesions in the pancreatic acini in the form of vaculolization of the acinar cells [16] .
In pancreatic tissues of the rats treated with 40 mg orlistat, there were more obvious focal areas of complete acinar cells destruction leaving empty spaces, replacement of acinar cells with fat cells and inflammatory cellular infilterartion. Cells resembling adipocytes were also observed in connective tissue septa between lobules.
The same results were observed in a previous study and were described as pancreatitis [17] . It was also found that there were dilated ducts with retained secretion in 30 mg and 40 mg/kg treated groups. In accordance with our finding other study showed dilatation of the ducts in the parotid gland affected by hypercholesterolemia attributed to accumulation of the parotid secretion due to parotid tissue injury and dysfunction [18] . Dilatation and congestion of blood vessels was observed.
The vascular congestion and edema is due to accumulation of nitric oxide (NO). This NO is produced by the activity of NOS enzyme, which is involved in regulation of the rate of perfusion of the pancreatic microvasculature [19] .
In this study, morphological changes in some islets of Langerhans were found, in 40mg/kg treated group in the form of congestion and inflammatory cellular infilteration. The same findings were observed in sodium taurocholate-induced acute pancreatitis [20] . (immunostained for caspase-3 with counter stain hematoxylin X400).. The islets of Langerhans in 30 mg/kg treated groups appeared normal and hence we hypothesized that orlistat has a dose dependent effect our hypothesis was supported by what has been recently reported that patients ingesting orlistat have dose and diet dependent gastrointestinal adverse effects [21] Caspase 3 is the key effector caspase involved in most apoptotic pathways. The present experiment had performed immunohistochemical localization of activated (cleaved) caspase 3 in rat pancreatic tissues.
During the execution of apoptosis cleaved caspase 3 is responsible, either partly or totally, for the proteolytic cleavage of a large number of proteins and for apoptosis associated chromatin margination, DNA fragmentation and nuclear collapse during apoptosis [22] .
In this study, it was found that orlistat administration caused expression of active caspase 3 in rat pancreatic tissues treated with 30mg and 40mg.
Higher magnifications showed that the expression of activated caspase 3, on the cellular level of acinar cells, showed a pattern of heterogeneity; some of the acinar cells had shown both cytoplasmic and nuclear expression while others showed only cytoplasmic immunoreactivity and that was observed in 40 mg /kg orlistat treated group while in 30 mg /kg treated group the acinar cells showed only cytoplasmic expression. In the present work we showed nuclear translocation of caspase 3 in some acinar cells. A previous study stated that Pro-caspase 3 may translocate from the cytoplasm to the nucleus and may be activated in both cellular compartments [23] .
By using confocal microscopy, there were nuclear localization of pro-caspase 3 in non-apoptotic cells. Active caspase 3 first appeared in the cytoplasm and was later observed in the nucleus. therefore, caspase-3 and perhaps other caspases are translocated into the nucleus by active transport which is required for apoptosis [24] .
Immunohistochemical localization of TNF-α in rat pancreatic tissue was done in this study. Tumor necrosis factor-α (TNF-α) is the prototypic member of a cytokine family that regulates essential biologic functions (e.g., cell differentiation, proliferation, survival, apoptosis) and a broad spectrum of responses to stress and injury. It is primarily produced by immune cells such as monocytes and macrophages, but it can also be released by many other cell types, including acinar cells [25] . In this study, there was positive immunoreactivity for TNF-α in some acinar cells treated with 40 mg /kg of orlistat. TNF-α and TNF receptors (TNFR-1/TNFR-2) were produced in rat pancreatitis, and acinar cells were able to synthesize and release the mediator in vitro [26] .
. It was also found that some cells within connective tissue septa had shown positive immunoreactivity for TNF-α and those cells are most probably macrophages.
There was significant increased intrapancreatic expression of TNF-α mRNA and of protein product in mice with cerulein-induced pancreatitis. Activated immune cells such as macrophages infiltrating the pancreas were considered the most prominent source of the cytokine [27] .
Activation of macrophages can be explained by leakage of enzymes from dilated disrubted ducts. Specific pancreatic enzymes such as elastase, carboxypeptidase A, and lipase were shown to activate and induce TNF-α expression in a rat macrophage cell line [28] .
TNF-α exerts its proinflammatory actions mainly through the activation of different genes, including those for other cytokines, chemokines, cell adhesion molecules, cyclooxy genase 2, and inducible nitric oxide synthase (iNOS) [29] . TNF-α is capable of stimulating acinar cell death through necrosis and/or apoptosis [30] . In this study the immunoreactivity for TNF-α in rat pancreatic tissues treated with 30 mg / kg of orlistat was negative and that can be explained as orlistat has dose dependent effect.
In this study there was positive immunoreactivity for iNOS in 30 mg/ kg and 40 mg/ kg treated groups in endothelial cells and cells at the periphery of islets of Langerhans. The acinar cells showed faint expression for iNOS. The role of NO in the pathogenesis of acute pancreatitis remains controversial. The proinflammatory cytokines activate the production of iNOS, resulting in overproduction of NO, which could promote pancreatic injury [31] . Other studies reported that, NO acts as a biological scavenger and inactivate reactive oxygen species (ROS), which protects pancreatic acinar cells and has also beneficial effects by inhibition of neutrophil accumulation and improvement of microcirculation [31] . The immunoreactivity for iNOS was detected in islet of Langerhans cells and iNOS is expressed in β-cells in acute pancreatitis [33 & 34] .
To our knowledge it is the first time to show the effect of orlistat on the endocrine function of pancreas. In the current study Immunohistochemical detection of insulin in rat β-cells of islets of Langerhan,s using anti-insulin antibody was done and found that administration of orlistat down-regulates insulin production.
Increased expression of islet iNOS causes excessive NO production and contributes to the dysfunction of β-and α-cells and inhibits insulin secretion [35 & 36] . Lipid stress and hyperglycemia, increased iNOS production in β-cells and resulted in cell dysfunction or cell death [37] . Lipases are involved in insulin secretion; pharmacological inhibition of lipase activity in β-cells impairs insulin secretion and this explained the decrease in the immunostaining of β pancreatic cells [38] . Different preparations of β-cells exhibit lipase activities. Among these is the hormonesensitive lipase (HSL), which, in white adipocytes, is the critical enzyme that hydrolyzes triglycerides to fatty acid. Reduction of lipolysis activity inhibited β-cells insulin secretion [39] . In the present study it was found that the deleterious effects of orlistat on the pancreatic tissue were completely reversible after 8 weeks of withdrawal of low dose 30mg /kg previously used for the same period.
A clinical case of acute pancreatitis due to orlistat treatment improved after stopping the drug which means that it could be reversible. Animal treated with high dose of orlistat 40mg/kg showed residual Vacuolated acini, dilated ducts and inflammatory cell infiltration after stoppage of the drug.
This may be explained by the dose dependent nature of the effects [40] 
CONCLUSION
It could be concluded that orlistat treatment may cause pancreatitis of varying degrees depending on the dose affecting both exocrine and endocrine pancreas as well.
Orlistat should be taken under medical supervision and follow up of symptom such as acute abdominal pain, disturbed blood sugar level should be taken in consideration.
